Objective: The aim of this study was to determine the role surgeon handedness plays in transpedicular screw placement. Methods: The study included 269 pedicle screws inserted by two right-handed surgeons who stood on different sides of patients and used the free-hand technique. A parallel line was drawn to the endplate of the vertebrae on lateral radiograph. Measurement was made to observe the angle between the screw and the line parallel to the endplate. Angles were classified as cranial '+' when the tip of the screw stood above the endplate line and as caudal '-' when it stood below the endplate line. Angles of screws placed from the right side were compared to those placed from the left. Results: On the left side, 80 screws (58.4%) were classified as cranial and 82 screws (62.1%) on the right side were classified as caudal. The difference in orientation was statistically significant (p<0.0001). Conclusion: Surgeon handedness appears to have an influence over the orientation of pedicle screws. This may create problems for right-handed surgeons in the insertion of upper level screws from the left side and lower level screws from the right side. Based on this finding, it may be necessary to include ambiguity in handedness as a part of pedicle screw insertion training for spinal surgeons.
Transpedicular screw placement is one of the most commonly performed procedures in spinal surgery practice. Pedicle screws are widely used for deformity correction and spinal colon stabilization. Screws provide a stronger stabilization of the vertebrae compared to hooks and enhance deformity correction. There are various methods for pedicle screw insertion, which include the free-hand technique, C-arm guided and computer-guided screw insertion. [1, 2] The free-hand technique decreases exposure to radiation and surgery time.
In spine practice, right-handed surgeons are usually more comfortable on the right side of the patient during pedicular screw insertion. [3, 4] Hand dominance of the surgeon plays a role during insertion of the pedicle screw.
The aim of this report was to determine the role handedness can play in transpedicular screw placement.
Patients and methods
This retrospective study included 269 pedicle screws of 20 patients (mean age: 53 years, range: 18 to 77 years) who underwent pedicle screw instrumentation. Three patients (15%) were male and 17 (85%) female.
Screws were inserted by a right-handed surgeon using the free-hand technique. Patients were operated under general anesthesia by the same surgeon with the patient in the prone position. The level of the spine was confirmed under fluoroscopy. The sagittal trajectory of the probe was based upon the external anatomy of the posterior thoracic spine, the lamina and spinous processes.
Lateral and anterior-posterior radiographs were used for examination. Left and right screws were identified on anterior-posterior radiographs. A parallel line was drawn to the endplate of the vertebrae on lateral radiograph to evaluate the direction of the screws. Measurements were made to observe the angle between the screw and the line parallel to the endplate. Angles were classified as cranial '+' when the tip of the screw stood above the endplate line and as caudal '-' when the tip of the screw stood below the endplate line. Specific digital X-ray analysis software was used to measure the angles for all patients (Surgimap Beta 1.2.1.56; Nemaris Inc., New York, NY, USA). [5] [6] [7] [8] [9] Measurements of a patient is shown in Figure 1 .
The chi-square test was used for statistical comparisons. P values of less than 0.005 were considered significant.
Results
Of the total 269 pedicle screws evaluated, 137 were inserted on the left side and 132 screws on the right side. Among the left side screws, 80 (58.4%) were inserted cranially and 44 were inserted caudally (32.1%). Thirteen screws were inserted parallel to the endplates. Among the right side screws, 39 were inserted cranially and 82 (62.1%) caudally. Eleven screws were inserted parallel to the endplates. This difference in orientation was statistically significant (p<0.0001). Parameters are given in Table 1 and Figure 2 .
Discussion
Pedicle screws are biomechanically stronger than hooks for spine stabilization. The pullout strength of pedicle screws is stronger and the fusion rates are higher due to larger bone-implant area. [10] [11] [12] Fluoroscopy is a common method used to guide the insertion of pedicle screws. In most surgical series, reported rates of cortical violation are 10% to 20%, although rates as high as 40% have been noted in some series. [13] The rate of complications due to false pedicle insertion is 0% to 0.9%. [14] [15] [16] Kim and Lenke [1] described the free-hand pedicle screw technique. Pedicle screw in- Table 1 . Angle measurements of the inserted screw. [17] Because of the special properties of the pedicles, the rate of neurological deficit is low in the false insertion of pedicle screws. The medial wall of the pedicle is anatomically stronger than the lateral wall. Medially oriented screws usually do not penetrate the medial wall due to the plasticity of the medial wall. [1, 2] In the present study, 269 pedicle screws were evaluated. 58.4% of the transpedicular screws on the left side were inserted cranially and 62.2% on the right side caudally. The most likely explanation for this difference is that the right-handed surgeon stands facing the patient' s foot and applies force to insert the pedicle screws on the right side. The surgeon turns towards the patient' s head during pedicle screw insertion on the left side (Fig. 3) .
The surgeon has to stand perpendicular to the patient in order to avoid disorientation of the pedicle. Sagittal trajectory of the screw must be kept in the right position by the help of both hands. Learning to use both hands during surgery may decrease the rate of false screw insertion.
In conclusion, surgeon handedness appears to have an influence over the orientation of pedicle screws. While the exact reason has not been determined, dexterity or proprioception may be involved. The surgeon should be aware of this potential problem and take precautions during the operation to prevent failure.
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